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Softening of Rigid PVC by
Aqueous Solutions of Organic Solvents

LOUISE V. PARKER AND THOMAS A. RANNEY

INTRODUCTION is nearly inert to organic solvents if their X value is
greater than 3 (e.g. alcohols, aliphatic hydrocar-

Materials used in groundwater monitoring wells bons and organic acids).
must be able to withstand exposure to a variety of Berens observed that the rate of penetration of
groundwater conditions. While it has been corn- an organic solute in PVC changed by many orders
monly known that certain neat organic solvents of magnitude as the activity of the penetrant in the
(pure product) will degrade PVC, it has not been environment changed. He noted that at ambient
generally known what effect high concentrations temperatures, rigid PVC would only be softened
of these solvents in aqueous solutions have on the by strong solvents or swelling agents of PVC at
integrity of PVC well casings. activities greater than 0.5. The less aggressive the

Berens (1985) and Vonk (1985, 1986) predicted solvent (i.e. the higher the X value), the higher the
the permeation of organics through PVC pipe activity required to cause softening. Figure 1 shows
based on samples of PVC exposed to a range of the isotherms Berens derived using the Flory-
concentrations (activities) of these solvents. They Huggins equation for various value5 of X and the
noted that the solvent interaction parameter (X) approximate softening range for PVC at 30°C.
used in the Flory-Huggins equation' could be Berenspredictedthatforlowertemperatures, such
used as a measure of the solvent or swelling power as those commonly encountered in groundwater,
of a particular solvent. Table 1 gives the X values slightly higher activitieswould beneeded tocause
Berens derived for a number of organic solvents softening.
(at 30*C). Table 2 gives estimates of X values that For aqueous solutions the activity of a solvent
were determined (at 20°C) by Vonk (1985). PVC is can be approximated by dividing the concentra-
only softened by solvents with a X value less than tion of the compound in solution by its solubility
1 (Berens A985) or 1.2 (Vonk 1985); the lower the in water Thus, according to Berens, if aqueous
number, the greater the solvent or swelling power. solutiov of solvents are going to soften rigid PVC,
A neat solvent with a X value less than 0.5 can the puz c(or neat) solvent must be able to soften or
completely dissolve PVC (Berens 1985) and is dissolve PVC and must exist in solution at a con-
considered a good solvent. Compounds with X centration that exceeds half its solubility in water
values ranging from 0.5 to 1.0 are, cons-idered m ar- (act...vy >n.5)

ginal solvents but strong swelling agents (Berens One criticism of Berens's work is that the vari-
1985). Thus, 'ery few organic solvents are true ous solutions he used in his experiments were
"solvents" ofPVC. According toVonk (1985), PVC prepared by dissolving the organic solvents in

polyethylene glycol, so he never actually tested
aqueous solutions of these solvents. Since it is
possible that the partitioning of these organic sol-

*The Fory-Huggins equation relates activity a to the utes between the dissolved state and the polymervolume fraction V1 of the organic chemical in the poly-
mer as follows: could differbetween glycol and water,studies that

In a - In V1 + (1- V1 ) + X(O - V1)2 use aqueous solutions of PVC solvents are neces-
where X is the Flory-Huggins interaction parameter. sary to confirm Berens's predictions. While Vonk



Table 1. Equilibrium swelling and interaction parameters for PVC-organic liquid
systems. (After Berens 1985.)

Interaction
Density Weight Volume Time* parameter

Compound (g/cm3) gain (%) fraction (hr) X

Methylene chloride 1.34 >800** >0.89 2 <0.53
Chloroform 1.49 227 0.68 6 0.64
Carbon tetrachloride 1.59 0 -0 (280) -
1,1-dichloroethane 1.18 132 0.61 6 <0.68
1,2-dichloroethane 1.26 700** >0.86 6 <0.55
1,1,1-trichloroethane 1.32 67 0.42 600 0.85
1,1,2-trichloroethane 1.44 >400** >0.80 10 <0.56
Trichloroethylene 1.47 70 0.40 5 0.88
Tetrachloroethylene 1.63 35 0.23 800 1.17
1,2-dichloropropane 1.16 176 0.68 20 0.68
Benzene 0.88 50 0.44 12 0.83
Toluene 0.87 50-60 0.45-0.49 15 0.80
Xylene 0.87 42 0.40 100 0.88
Acetone 0.79 170 0.75 2 0.61
Methanol 0.79 -1.0 - (300) -

Ethanol 0.79 -0.1 - (300) -
i-propanol 0.70 -0.5 - (300) -
n-hexane 0.66 -0.6 - (160) -
Vinylchloride 0.89 -30 0.33 0.98

*Time to apparent equilibrium, 24-mil (0.6 mm) PVC sheet, or duration of experiment in parentheses.
'Siluble.

did use aqueous so!ations of organics in his stud- 0.6 should be able to soften PVC. Berens did not
ies, wehavebeen unable to finda thorough discus- give a X value for methylene chloride but esti-
sion in English of his methods. mated that it was less than 0.53. Vonk (1985) gave

We conducted a study that looked for softening 0.55 ior X. Using Vonk's value for X and Berens's
of PVC exqposed to various activities of a good PVC isotherms (Fig. 1), we would predict that softening
swelling agent (methylene chloride) in aqueous should not occur at this activity. However, if the
solutions (Parker et al. 1992). Small pieces of PVC true X value of methylene chloride were 0.3 (or
well casing were exposed to solutions at activities less), then softening should occur (at 30°C). Berens
of 0.2, 0.4, 0.6, 0.8 and 1.0 and to water only (as a aLso predicted that softening would not occur in
control). The samples were monitored for changes solutions with an activity of 0.4, even it the solvent
in weight, length, flexibility and curvature; changes had a X value of 0.0. Thus, if softening did (or does)
in surface structure were monitored using a scan- occur in either the 0.4- or 0.6-activity solution, it is
ning electron microscope. The study was con- possible that methylene chloride favors partition-
ducted for 33 days. Samples exposed to the high- ing into PVC from an aqueous solution more than
est-activity solution (1.0) softened within the first from the glycol solution used by Berens (1985).
4 days (they became rubbery and could be bent This would mean that for aqueous solutions, soft-
easily by hand). Samples exposed to the 0.8-activ- eningoccursat slightly lower activities than Berens
ity solution softened after 22 days (Table 3). This predicted. However, the problem with our previ-
agrees well with Berens's predictions. Also as ousstudy(Parkeretal. 1992) was that the method
predicted, samples exposed to the lowest-activity used to determine softening (i.e. bending the
solution (0.2) showed no signs of softening by the sample) was subjective and lacked quantification.
end of the study (33 days). However, samples This report describes several studies (of both
exposed to the 0.4- and 0.6-activity solutions methylene chloride and TCE) that address the
Sshowedsome slight chaniges(occasionally a sample softening of PVC by aqueous solutions of PVC
could be bent or showed signs of curling), espe- swelling agents at intermediate and lower activi-
cially at 0.6 activity (Tables 3 and 4). ties. In addition, this report also describes two

The literature is not clear whether an aqueous studies that address twoother topicsnot addressed
solution of inethylene ch.oride with an activity of by either Berens or Vonk: the softening of PVC by
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Table 2. Estimates of the Flory-Huggins Table 3. Observed changes in flexibility* of
intztraction parameterx5 . (After Vonk 1985.) rvC samples exposed to aqueous solutions

of methylene chloride. (From Pairker et al.
Organic compound X 1992.)

Benzene 0.83 Time
Toxluene 0.86 (days) Activity = 0.2 0.4 0.6 0.8 1.0
m-xylene 0.87 4 0 0 0 1 2
p-xylene 0.86 8 0 0 0 1 2
Ethylbenzene 0.89 15 0 0 1 2 2
1,3,5-trimethylberizene 2.52 22 0 0 1 2 2
Piopylberizene 1.91 33 0 1 1 2 2
Methylethylketone 0.54
Di-isopropylketone 0.56 *Rankings: 0-rio noticeable flexibility; 1-more flex-
Methylene chloride 0.55 ibility than originai; 2-can be bent back over itself.
1,2-dichloruethane 0.56
1,1,1-trichloroethane 0.92
1,1,2-trichloroethane 0.58
1,1,2,2-tetrachloroethane 0.59
1,2-dichioropropane 0.65 aqueous solutions containing 1) a mixture of sev-
l'erchloroethylene 1.58 eral organic solutes and 2) a FVC swelling agent
Trichloroethylene 0.90 that is totally miscible in water. These are referred

,2ichloroberizene 0.63 to as che mixed-organic-solute study and the ac-
1,3-dichlorobenzene 0.74 etone study, respectively. To obtain more quanti-
1,2,4-trichlorobenzene 1.52 tative data than that we obtained in th~e previous
o-chlorotoluene 0.74 study, we used a Barcol impressor to measure the
m-chlorotoluene 0.69 hardness of the PVC pieces (ASTM 1988).
p-chlo.-otoluene 0.75
Nitrobenzene 0.54
Aniline 0.87 Methylene chloride studies
2-chloroaniline 0.58 As a follow-up to our previous study (Parker et
3-chloroaniline 0.61 al. 1992), these studies looked forsoftening of PVC
ri-methylaniline 0.59 by aqueous solutions of methylene chloride at

*Forsetment ofPVCpipe(O.. 3 mm nd all intermediate activities (0.4-0.8) and lower activi-
thickness = 1.6 mm) immersed in pure liquid ties (0.05--0.4).
compounds for 410 days at 20 ± 3C.

Trichioroethylene studies
1 0 I We selected a second swelling agent of PVC:

trichloroethylene (TCE), which has a X value rang-

0.8-
Table 4. Observed changes in curvatute5 of
PVC samples exposed to aqueous solutions

0.6- of methylene chloride. (From Parker et al.
V1  -X0 1992.)

0.4- Rubbery Tinue
05(days) Activity = 0.2 0.4 0.6 0.8 1.0

Softening Range
0.-104 (0 0 0 1 2

48 0 0 1 1 2
- lsy1515 0 0 1 1 2

22 0 0) 1 2 2
Q 0.2 0.4 0.6 068 1.0 33 0 1 1 2 2.

Solvent Activity
*Rankings: 0-no noticeable flexibility; 1 --some cur-va-

Figure 1. Fl-ory-Huggins isotheris for various values ture or twisting in at least one of the three samples; 2-
of X and approximnate coniposition for softening of PVC obvious cur-vature or twisting in at least two of the three
at room temperature. (After Berens 1985.) samples.
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ing from 0.88 (Berens 1985) to 0.90 (Vonk 1985). silicate glass vials with aluminum-lined, Teflon-
TCE is one of the most common organic pollutants backed plastic caps. The vials were filled almost to
in the environment, the top with Milli-Q water, and a volume of sol-

vent appropriate for each activity was added us-
Mixed-organic-solutes study ing a microliter syringe. The vials were then filled

Neither Berens nor Vonk addressed what effect to capacity with water to eliminate any headspace,
an aqueous solution that contained a mixture of capped and placed on an orbital shaking table for
"several organic solutes would have on PVC. Since approximately 100 hours to assure mixing of the
one is much more likely to encounter g'oundwa- solvent-water phases. Vials were checked using a
ter that contains a mixture of organic contami- magnifying glass to determine that no small drop-
nants, this is an important question for the ground- lets of solvent remained undissolved. After mix-
water monitoring industry. ing, the vials were opened and previously weighed

This study looked for the softening of PVC by pieces of PVC were added to the solutions. A few
an aqueous solution that contained three good drops of water were added to ensure that there
swelling agents of PVC; all three of these organic was no headspace, and the vials were recapped.
compounds have X values less than 0.6. The activ- The samples were kept in the dark at room tem-
ity of each organic solute was 0.3. Using Berens's perature.
isotherms (Fig. 1), we predicted that any solvent On the sampling day the pieces of PVC were
with a X value less than 0.6 and an activity of 0.3 removed from the solution, placed on paper tow-
would not soften PVC. However, if these organic els, blotted and allowed to air dry for 1 minute
solutes have a cumulative or interactive effect, before weighing. Immediately after weighing, a
then this solution could soften PVC. Model 935 Barcol impressor was used to measure

the hardness of the PVC. A description of the use
Acetone study of the Barcol impressor on rigid plastics can be

Another issue that has not been addessed in found in ASTM Standard Test Method D2583-87
the literature is whether a good PVC swelling (ASTM 1988). However, the impressor employed
agent or solvent that is also miscible in water can in this study is made for indenting softer plastics
soften PVC when mixed with water. As men- and is not the model described in the ASIM test
tioned previously, activity can be approximated method. This model was selected so that measure-
by dividing the concentration of an organic corn- ments could be taken during the softening pro-
pound in solution by its solubility in water. Clearly cess.
this cannot be done for a substance that is miscible
in water, since this would mean dividing by an Methylene chloride studies
infinite number. First short-term study

This study looked to see if acetone, which is a The activities of the test solutions in this study
good swelling agent of PVC [X =0.61 (Berens 1985)] were 0.4, 0.6, 0.8 and 0.0 (controls, which were
and is totally miscible in water, can soften PVC samples with only water and PVC). Activities
when dissolved in water. In this study, pieces of were based on a solubility of 19,000 mg/L of
PVC were subjected to several concentrations of methylene chloride in water. This value was se-
acetone, ranging from 0.05% to 75%. lected from among those given by Montgommery

and Welkom (1990) because it agreed with the
value our laboratory experimentally determined.*

MATERIALS AND METHODS The pieces of PVC were exposed to the test solu-
tions for 4, 8, 24, 48, 72 and 168 hours (7 days).

Small pieces of PVC were cut from 5.1-cm- (2- There were three replicates for each treatment and
in.-) diameter schedule-40 well casing. The overall time.
dimensions of the pieces were approximately 9 x 9
x 0.8 mm (I x w x h), giving a total surface area ot Second shor!-term study
approximately 1.9 cm 2 and an approximate weight This study was identical to the previous study
of 0.09 g. Special care was taken to eliminate con- except that there were five replicatesper treatment
tamination from grease or oil during the cutting
procedure. Throughout the study, all the samples
were handled using stainless steel forceps.

The test solutions were made up in 22-mL boro- * Ranney, work in progress.
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and time, and the solutions were gently shaken on Acetone study
a platform shaker to enhance contact between the The purpose of this screening test was to deter-
test solutions and the surfaces of the PVC pieces. mine if a miscible swelling agent of PVC (acetone)

could soften PVC when diluted in water. Since this
Long-term study was a screening test, there was only one replicate

The activities of the test solutions in this study for each concentration and time in thi5 study. The
were0.4,0.2,0.1,0.05and0.0(controls).Thesample concentrations were 0.05, 0.5, 5, 25, 50 and 75%
times were 1, 2,3,4,6,8,12,16 and 20 weeks. There (wt/vol, g/mL), and the sample times were 3 and
were three replicates for each activity and sample 7 days.
time.

Trichloroethylene studies RESULTS AND DISCUSSION
First study

The activities of the test solutions in this study Methylene chloride studies
were 1.0, 0.8, 0.6, 0.4,0.2 and 0.0 (controls). Activi- First short-term study
ties were based on a maximum solubility of 1000 This study looked for softening at three inter-
mg/L (as found in Dean 1985). The contact times mediate activities (0.4, 0.6 and 0.8) during a one-
were 4, 8, 15, 22, 33 and 68 days. Each week the week period. Table 5 gives the Barcol readings for
remaining pieces of PVC were placed into freshly the different activities and times. Appendix Table
prepared TCE solutions and returned to storage. Al gives the percent weight gain for the samples
Thus, no piece of PVC stayed in any solution with time. Analysis of Variance tests and Duncan's
longer than 7 days. This was done to maintain the New Multiple Range tests were conducted on the
solvent stress on the PVC and thereby promote Barcol readings for each time and treatment to
maximum sorption. There were three replicates determine which treatments were significantly
for each treatment and time. different from the controls. By the end of this study

the Barcol readings of samples exposed to the 0.8
Second study and 0.6 activities were significantly lower than

To confirm findings from the first study, we those of the controls (Table 5), indicating that
performed a similar study. The methods used in softening had occurred. The Barcol readings for
th;s study were similar to those used in the first samples exposed to the 0.4-activity solutions were
study, with the following exceptions: slightly lower (-5% for the means), but this differ-
"* There was only onc set of samples taken; ence was not significant (Table 5) The final weight
"* Thecontacttimewaslonger:llweeks(77days); gains for samples exposed to the 0.6- and 0,8-
"• There were 10 replicates for each treatment; and activity solutions were more than 10%, while the
"* The samples were shaken gently on a platform weight gains were less than 1% for the samples

shaker to improve contact between the test exposed to the 0.4-activity solutions. The changes
solutions and the surfaces of the PVC pieces. in hardness readings agree with what we ob-

served when we tried to bend these samples. The
Mixed-organic-solute study samples exposed to the 0.6- and 0.8-activity solu-

Three good PVC swelling agents were used in tions could be bent easily; the samples exposed to
this study: methylene chloride (X <0.53 from Berens the 0.4-activity solutions could not. This indicates
1985; X = 0.55 from Vonk 1985); 1,1,2-trichloro- that the samples exposed to the 0.6- and 0.8-activ-
ethane (X < 0.56 from Berens 1985; X = 0.58 from ity solutions had become plasticized or rubbery.
Vonk 1985); and 1,2-dichloroethane (X < 0.55 from
Berens 1985; X = 0.56 from Vonk 1985). The activity Second short-term study
of each organic solute was 0.3. These activities Because some of the data were inconsistent and
were based on the following solubilities: 19,000 highly variable for the samples exposed to the 0.8-
mg/L for methylene chloride; 4,400 mg/L for and 0.6-activity solutions in the previous study,
1,1,2-trichloroethane (McNally and Grob 1984); we decided to repeat this experiment. This time,
and 8,500rmg/L for 1,2-dichloroethane (McConnell we used a larger sample size (five replicates per
et al. 1975, as given by Montgomery and Welkom treatment), and we gently shook these samples to
1990). Sample times were 2, 4, 7, 14 and 21 days. enhance interaction between the solutions and the
There were three replicates for each treatment and surfaces of the PVC. Table 6 gives the Barcol read-
time. ings for this study, and Appendix Table A2 gives

5



Table 5. Hardness (Barcol) values of PVC for various contact times in the

first short-term methylene chloride study.

Activity 4 8 24 48 72 168 hours

0.0 control 76 79 78 74 78 75
0.0 control 79 76 78 76 78 76
0.0 control 76 72 76 72 75 77

77a 75.7a 77.3a 74a 77a 76a
S.D. 1.7 3.5 1.2 2 1.7 1
RSD(%) 2.2 4.6 1.5 2.7 2.2 1.3

0.4 77 76 73 75 76 76
0.4 76 76 76 76 76 69
0.4 76 76 76 74 71 72
S76.3, 76' 75a 75a 74.3a 72.3a
S.D. 0.6 0 1.7 1 2.9 3.5
RSD(%) 0.8 0 2.3 1.3 3.9 4.9

0.6 72 71 73 70 70 40
0.6 75 74 67 65 62 41
0.6 74 76 73 73 58 57
3 73.7a 73.7a 71 A 69.3a 63,31 46b
S.D. 1.5 2.5 3.5 4 6.1 9.5
RSD(%) 2.1 3.4 4.9 5.8 9.6 20.7

0,8 68 73 57 21 23 5
0.8 61 56 52 56 62 21
0,8 58 61 17 16 46 13
X 62.3b' 63.3b 42b 31b 43.7b 13c
S.D. 5.1 8.7 21,8 21.8 19.6 8
RSD(%) 8.2 13.8 51.9 70.3 44.9 61.5

X= mean
S.D. = standard deviation

RSD(%) = pe-cent relative standard deviation
For each time, treatments with the same letter were not sigitificantly different.

the percent weight gain data. These results agreed ity solutions exceeded 9%, while the weight gain
wellwithour findingsinthepreviousstudy.Analy- for samples exposed to the 0.4-activity solutions
sis of Variance and Duncan's New Multiple Range was less than 1.5%.
tests indicated that by the end of the study (7 days),
the Barcol readings of the samples exposed to the Long-term study
0.6 and 0.8 solutions were significantly lower than The question that the last study did not answer
the Barcol readings of the controls (Table 6), While is: with time, do pieces of PVC exposed to 0.4-
the Barcol readings for the samples exposed to the activity solutionsofmethylenechloride alsosoften?
0.4-activity solutions for 72 hours were signifi- This study attempted to answer that question and
cantly lower than the controls (the mean loss was also looked for softening at even lower activities.
2.4%), after 7 days there was no significant differ- Pieces of PVC were exposed to 0.4-, 0.2-, 0.1- and
ence (even though the mean loss was slightly more 0.05-activity solutions for 20 weeks. Analysis of
[3.2%]) (Table 6). Again, the change in the hard- Variance tests and Duncan's New Multiple Range
ness readings agreed reasonably well with what tests revealed that by the end of the study, the
we observed when we tried to bend the samples. Batcol readings for samples exposed to the 0.4-,
The samples exposed to the 0.6- and 0.8-activity 0.2- and 0.1-activity solutions were significantly
solutions appeared rubbery (they could be easily lower than those of the control samples (Table 7).
bent), while those exposed to the 0.4-activity solu- There was no significant differenco between the
tion did not. By the end of the study the weight hardness readings of the samples exposed to the
gain for samples exposed to the 0.6- and 0.8-activ- 0.05 solutions and the controls. While the Barcol
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Table 6. Hardness (Barcol) values of PVC for various contact times in the
second short-term methylene chloride study.

Activity 4 8 24 48 72 168 hours

0.0 control 74 76 76 74 76 75
0.0 control 76 73 77 76 73 73
0.0 control 73 76 74 74 74 75
0.0 control 74 73 74 77 7 .76
0.0 control 73 75 76 74 75 75
S743 74.6a 75A.4 75a 74.6- 74.8a
S.D. 1.2 1.5 1.3 1.4 1.1 1.1
RSD(%) 1.5 1.8 1.6 1.7 1.4 1.3

0.4 74 73 77 77 72 74
0.4 73 76 74 76 73 71
0.4 74 74 74 75 73 72
0.4 75 75 75 74 74 70
0.4 74 74 75 74 72 75
X 74a 74.40 75a 75.2a 72.8b 72.4a
S.D. 0.7 1.1 1.2 1.3 0.8 2.1
RSD(%) 0.9 1.4 1.5 1.6 1 2.6

0.6 73 75 63 66 66 56
0.6 73 74 72 62 65 59
0.6 74 73 68 67 63 58
0.6 72 75 66 67 6( 56
0.6 73 72 67 65 64 60
X 73a 73.8a 67.2b 65.4b 64.8c 57.8b
S.D. 0.7 1.3 3.3 2.1 1.3 1.8
RSD(%) 0.9 1.6 4.4 2.8 1.8 2.8

0.8 57 38 29 25 25 32
0.8 58 37 24 24 23 28
0.8 55 42 24 23 24 33
0.8 56 39 28 28 26 30
0.8 54 37 30 24 27 28
R 56b 38.6b 27b 24.8b 25d 30.2c
S.D. 1.6 2.1 2.8 1.9 1.6 2.3
RSD(%) 2.5 4.8 9.4 6.9 5.7 6.8

For each time, treatments with the same letter were not significantly different.

readings for samples exposed to the 0.2- and 0.4- activities as low as 0.1 at 20*C. We believe this
activity solutions became significantly lower than indicates that softening has begun. During the
the controls earlier in the study, it was not until the time frame of these studies, PVC became rubbery
end of the study that the hardness readings for at activities as low as 0.6. Thus, softening occurred
samples exposed to the 0.1-activity solutions be- at much lower activities than Berens predicted or
came significantly different from the controls. Vonk reported for other similar PVC solvents.

By the end of the study the changes in the While there is no evidence that softening would
hardness readings for all the samples were all eventually occur in a 0.05-activity solution of me-
small (<10%), and the weight gain never exceeded rhylene chloride, this is a possibility. A longer-
4.5% (Appendix Table A3). This may explain why term study would answer this question.
none of the samples appeared rubbery (we were
not able to bend any of these samples by hand). Trichloroethylene studies

We conclude from these studies that methylene First stJy
chloride, a good PVC swelling agent, is able to In this study, pieces of PVC were exposed to
cause a small but statistically significant change in solutions of various activities (1.0, 0.8, 0.6, 0 4 and
the hardness readings of PVC samples exposed to 0.2) for up to 68 days. Table 8 giv,-s '!1r Barcol
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Table 7. Hardness (Barcol) values of PVC for various contact times in the long-term

methylene chloride study.

Activity 1 2 3 4 6 8 12 16 20 weeks

0.00 control 75 74 73 72 74 72 76 73 77
0.00 control 72 75 75 76 76 76 75 74 76
0.00 control 76 76 75 75 76 73 74 75 77
X 74.3a 75a 74.3a 74.3a 75.3a 73.7a 75a 74a 76.7a
S.D. 2.1 1.0 1.2 2.1 1.2 2.1 1.0 1.0 0.6
RSD(%) 2.8 1.3 1.6 2.8 1.5 2.8 1.3 1.4 0.8

0.05 75 76 71 76 75 76 74 75 76
0.05 74 74 72 75 75 75 73 74 76
0.05 74 73 73 73 74 76 76 76 76
X 74.3a 74.3a 72.a' 74.7a 74.71 75.7a 74.3a 75a 76a
SD. 0.6 1.5 1.0 1.5 0.6 0.6 1.5 1.0 0.0
RSD(%) 0.8 2.1 1.4 2 0.8 0.8 2.1 1.3 0

0.10 73 70 76 68 73 70 75 76 72
0.10 72 75 73 72 75 73 74 74 71
0.10 73 76 73 73 74 75 72 72 69
X 72.7a 73,7a 74a 71b 744 72.7a.b 737A 744,b 70.7bc
S.D. 0.6 3.2 1.7 2.6 1.0 2.5 1.5 2.0 1.5
RSD(%) 0.8 4.4 2.3 3.7 1.4 3.5 2.1 2.7 2.2

0.20 75 75 72 74 73 75 70 68 73
0.20 72 76 68 75 76 76 73 74 72
0.20 74 76 72 76 75 74 74 72 72
X 73,7a 75.7a 70.7b 75a 74.7a 75a 72.3a,b 71.3b 72.3b
S.D. 1.5 0.6 2.3 1.0 1.5 1.0 2.1 3.1 0.6
RSD(%) 2.1 0.8 3.3 1.3 2 1.3 2.9 4.3 0.8

0.40 74 72 71 74 73 70 65 71 67
0.40 74 74 73 73 76 74 71 72 69
0.40 73 74 72 73 72 70 70 70 71
X 73.7a 73.3a 72ab 73.3a,b 73.7a 71.3b 68,7b 71b 69c
S.D. 0.6 1.2 1.0 0.6 2.1 2.3 3.2 1.0 2.0
RSD(%) 0.8 1.6 1.4 0.8 2.8 3.2 4.7 1.4 2.9

For each time, treatments with the same letter were not significantly different.

readings and Appendix Table A4 shows the weight solvent also, softening occurred at lower activities
gains. Analysis of Variance tests and Duncan's than Berens would predict.
New Multiple Range tests of the Barcol readings
revealed that by the end of the experiment, samples Second study
exposed to the 0.6-, 0.8- and 1.0-activity solutions To confirm our findings, we repeated the last
had Barcol readings that were significantly lower set of samples taken in the previous study. To
than for the controls (Table 8). However, none of improve our ability to observe a significant change
these samples appeared to be plasticized or rub- by the end of the study, we made the following
bery, as they could not be bent. The weight gains changes:
for these samples were all less than 5%, except for - There were 10 replicates for each treatment;
the samples exposed to the 1.0-activity solutions - The samples were slowly shaken on a platform
(where the mean weight gain was 11.6%). shaker to improve contact between the solu-

Using Berens's isotherms, we would predict tionsandthevarioussidesofthetestpieces;and
that (at 30'C) an organic solvent with a X value * The contact time was slightly longer (77 vs. 68
similar to that of TCE (0.88 from Berens 1985, 0.90 days).
from Vonk 1985) would soften PVC at activities of Table 9 and Appendix Table A5 give the results
0.8 and greater, and PVC would appear rubbery at from this study. Although the total weight gain
an activity of approximately 0.95. Thus, for this was higher for all the treatments except the con-
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Table 8. Hardness (Barcol) vaiues of PVC for various contact times in the

first TCE study.

Actiwly 4 8 15 22 33 68 days

0.0 control 73 72 75 74 73 75
0.0 control 75 73 74 75 75 73
0.0 control 74 73 74 73 72 75
S74.0P 72.74 74.3A 74.01 71.3A 74.34
S.D. 1.A 0.6 0.6 ).0 1.5 1.2
RSD(%) 1.4 0.8 0.8 1.4 2.1 1.6

0.2 74 74 74 74 74 73
0.2 73 73 72 74 75 75
0.2 75 73 74 75 74 74
S74.0' 73.30 74.34 74.3A 743.0ab
S.D. 1.0 0.6 1.2 0.6 0.6 1.0
RSD (%) 1,4 0.8 1.6 0.8 0.8 1.4

0.4 75 74 74 73 75 73
0.4 74 74 73 75 72 75
0.4 75 72 73 73 74 73
S74.7a 73.3A 73.3a 73.74 737A 7 3.7a,b
S.D. 0.6 1.2 0.6 1.2 1.5 12
RSD (%) 0.8 1.6 0.8 1.6 2.1 1.6

0.6 73 73 74 75 73 70
0.6 75 73 75 75 71 71
0.6 74 73 74 76 75 73
X 74.0" 73.0a 74.3a 75.3a 73.0V 7 1 .3 b,c

S.D. 1.0 0.0 0,6 0.6 2.0 1.5
RSD (%) 1.4 0 0.8 0.8 2.7 2.1

0.8 75 74 71 72 74 71
0.8 74 72 74 74 73 69
0.8 72 72 73 75 75 71
X 73.7a 72.7a 72.7a 73.7a 74.0a 703c
S.D. 1.5 1.2 1.5 1.5 1.0 1.2
RSD (%) 2.1 1.6 2.1 2.1 1.4 1.6

1.0 73 74 73 71 69 57
1.0 73 72 74 71 65 61
1.0 74 74 73 72 65 57
X 73.3a MY 3.3a 71.3b 66 .3 b 5 8.3 d

S.D. 0.6 1.2 0.6 0.6 2.3 2.3
RSD (%) 0.8 1.6 0.8 0.8 3.5 4

For each time, treatments with the same letter were not significantly different.

trols, we did not find a statistically significant posed to solutions with an activity of 1.0 (where
differencein thehardnessreadingsofthosesamples the mean weight gain was 18.6%).
exposed to the 0.6-activity solutions when com- When we compared these results with those
pared with the control samples (Table 9). Only the from the previous study, we concluded that there
samples exposed to the 0.8- and 1.0-activity solu- is no consistent trend for the samples exposed to
tions had hardness readings that were signifi- the 0.6-activity solutions. This may be because the
cantly lower than the controls, and the samples change we observed is real but very small and that
exposed to the 1.0-activity solutions were flexible given more time, softening would be more pro-
enough to be bent easily. These results agree with nounced, or it may be that the PVC is very hetero-
what you would predict using Berens's isotherms geneous, giving different results for different
(Fig. 1) (for systems at 30'C). The weight gains pieces. Using Berens's isotherms, we would pre-
were less than 5% except for those samples ex- dict that at 20'C softening of PVC should occur at
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vlvne chloride (25'"% in 7 days) but much greater
acivities that aregreatcr than 0.8. 11he fact that we than wlat we obiserved for samples exposed It) a
found softening at activ ties o0 1.8, and possibly at 0.4-activity solution for 21 days (1.5%). Thus, there
0.6, indicates that softening of PVC in aqueous isvevidenceof a cumulative or interactive effect for
solutions may occur at slightly lower activities solutions conhtaiing multiple organic solutes that
than Berens predicted. This issue could be re- are PVC .olvents or good swelling agents, when
solved by a long-term study Is was 'onduct'ted for the activity of each organic solute is 0.3 or more.
imethylene chloride.

Acetone study
Mixed-organic-solute study Since there was only one sample for each con-

In- this study, pieces of PVC were exposed to an centration and time in this study, no statistical
aqueous solution that contained three good PVC analyses could be conducted on these data. How-
swelling agents (nethylene chloride; 1,1,2- ever, we did see a very large change in the Barcol

Table 10. Hardness (Barcol) values of PVC for various contact
times in the mixed-organic-solute study.

-Tratment 2 4 7 14 21 days

control 76 72 73 72 74
control 77 74 75 73 74
control 75 73 74 75 77

76.0j 73.0,1 74.0A 73.3' 75.0'-
S.D. 1.0 1.0 I.) 1.5 1.7
RSD (%) 1.3 1.4 1.4 2.1 2.3

organic solution 54 55 68 37 52

organic solution 57 62 56 46 64
organic solution 60 54 48 58 62
X 57.()b 57.01 57.3b 47.0b 59.3b

S.1D. 3.0 4.4 10.1 10.5 6.4
RSD (%) 5.3 7.6 17.6 22.4 10.8

For each time, treatments with the same letter were not significantly different.

10



f1able II. Itardnes. (Barcol) values of PVC tor definitive It appears that, as Berens predicted,
Iwo, t ontatI limes in the acetone study. TCE d(x's not soften PVC at as low an activity as

methylene chloride can. A longer-term study is
"-.h,,, needed to better define the softening range and to

I, , : .1, determine if softening also occurs at lower activi-

,t7, ies than Bkerens predicted for this solvent.
0t; 77 7 At the lowest activities, diffusion of organic

IS 74 7; solutes in rigid PVC will be purely Fickian and
71, 1-1 thus concentration-independent and slowest

2r, 72, (lkrens 1985, Vonk 1985, 1986, Jenkins et al, 1986,

S23 2 Holsen 1')88). At these activities the rate of diffu-
sion is considered to be so slow that diffusion of an
organic solute through PVC pipe would take thou-
sands of years (Berens 1985, Vonk 1985, 1986,

readings afer 3 days for the samples exposed to Olson et al. 1987). At higher activities, diffusion
the 50% and 75 % solutions (Table 11). These becomes successively concentration-dependent,
samples were rubbery and could be bent easily by then anomalous and finally Case II, and the rate of
hand. In contrast, by the end of the study (7 days) diffusion increasesby several orders of magnitude
the Barcol readings for the samples exposed to the (Berens 1985, Vonk 1985, 1986, Jenkins et al. 1986,
5, 0.5 and 0.05% solutions did not appear to be Holsen 1988). With Case II, or frontal, diffusion
different from those of the control samples. There there is a distinct transition from the glassy to the
may have been some change in the samples ex- softened state. The greater the ability of the or-
posed to the 25% solution, as the Barcol readings ganic to swell the polymer, the lower the activity
were slightly lower. The weight gain after 7 days required to move from purely Fickian to other
was less than 1% for all the samples except those diffusion mechanisms.
exposed to the 50 and 75% solutions (the weight There is some disagreement regarding the ac-
gains were4.8and 18.7%, respectively)(Appendix tivity level where diffusion in PVC pipe becomes
Table A7). greater than Fickian. Berens predicted that Fickian

We conclude that for acetone, a 50% solution diffusion occurs only if the activity of the solution
rapidly softens PVC. A long-term study would is less than 0.25. However, Vonk (1985, 1986) felt
better define the effects of lower concentrations of that while diffusion would be Fickian. for poorer
acetone on PVC. PVC swelling agents (e.g. alkylated aromatics) at

activities less than 0.25, the activity should be less
than 0.1 for solvents and better swelling agents

SOFTENING AND DIFFUSION IN PVC (e.g. anilines, chlorinated hydrocarbons, ketones
and nitrobenzenes).

We were able to see statistically significant According to Berens, for the kinetics of diffu-
changes in the Barcol readings long before the sion to be Fickian, a plot of percent weight gain vs.
samples became pliable or rubbery. For samples square root of time should be linear for the first
exposed to solutions of methylene chloride, PVC half of the sorption process and then should as-
became pliable when the Barcol readings ranged ymptotically approach the equilibrium uptake.
from 57 to 66, and it became rubbery when the For example, in Figure 2, Berens described the
Barcol readings were less than 57. Generally the kinetics for sorption of TCE by PVC as Fickian for
control values ranged from 73 to 76. We do not the 0.6-activity solution and non-Fickian for the
know whether the samples exposed to the 0.4-,0.2- 0.8- and 0.7-activity solutions. When our weight
and 0.1-activity solutions of methylene chloride gain data are plotted in a similar fashion (Fig. 3), it
would eventually become rubbery, as those at the becomes evident that, even though statistical analy-
higher activities did. Since the long-term study did ses indicated that softening was occurring in some
not go long enough to reach equilibrium at these of the samples exposed to solutions at intermedi-
activities, a longer-term study is needed. It may be ate activities, diffusion was still Fickian. This was
that the polymer becomes only partially softened. true for samples exposed to the 0.4-, 0.2- and 0.1-
Generally PVC became rubbery when the weight activity solutions in the long-term methylene chlo-
gain exceeded 6%. Our results with TCE are less ride study and for the 0.6- and 0.8-activity solu-
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tions in the first TCE study. In Figure 3b it is not changes in the Barcol readings but were not yet
clear whether diffusion in the samples exposed to rubbery.
the 0.6-activity solutions was Fickian or non-
Fickian; more points are rneeded to make this de-
termination. (These samples were rubbery and CONCLUSIONS ANDRECOMMENDATIONS
could be bent easily.) Diffusion was clearly rion-
Fickian at higher concentrations (for samples ex- For the best PVC swelling agents (X - 05),
posed to 0.8-activity solutions of methylene chlo- such as methylene chloride, there is statistical
ride and 1.0-activity solhtions of TCE). Further evidence that PVC is softened by exposure to
smudy would clarify wilether diffusion remains aqueous solutions with activities as low as 0.1
Fickian for those samples exposed to the lower- (at 20'C), which is much lower than Berens pre-
activity solutions that also showed significant dicted or Vonk reported. The transformation of
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Appendix A: Test results.

Table Al. Weight gain (%) of PVC for various contact times in the first short-
term methylene chloride study.

Act",.'L 4 8 24 48 72 168hours

0.0 control -4.12 0).(X) -0.36 -0.57 --0.32 -0.33
0.0 control --0.22 0.12 -0.47 -0.67 -0.46 --0.23
0.0 control -0,23 0.12 -0.39 -0.41 -0.34 -0.34

-04,19 0.08 -0.41 -0.55 -0.37 -0.30

0.4 O.0) 0.23 0.00 0.0(1 0.34 0.68
0.4 -40.11 0.33 -0.22 -0.23 0.33 0.46
0.4 (.1 1 0.21 -0.23 0.13 0.27 0.47
x 0.00 0.26 -0.15 -0,03 0.31 0.54

0.6 1.11 2.09 2.25 5.64 4.4 11.92
0,6 0.70 1.26 2.(X) 4.75 6.67 12.50
0.6 1.14 0.44 2.13 0.57 7.78 9.32
S0.98 1.26 2.13 3.65 6.33 11.25

0.8 2.12 4.92 14.02 25.68 20.84 18.63
0.8 6.72 10.56 8.47 12.06 7.55 20.74
10.8 5.97 6.0& 18.51 2b.62 11.83 28.15
S4.94 7.18 13.67 21.45 13.41 22.51

Table A2. Weight gain (%) of PVC for various contact times in the second
short-term methylene chloride study.

Activity 4 8 24 48 72 168 hours

0.0 control 0.00 0.00 0.00 0.10 0.24 0.38
0.0 control O,(X) 0.0) 0.00 0.00 0.22 0.42
0.0 control O.(X) 0.00 0.00 0.10 0.21 0.44
0.0 control O.x) 0(10. 0.09 0.34 0.47
0.0 control ().(X) 0.00 0109 0.11 0.32 0.59
X O. O.X) 0.02 0.08 0.26 0.46

0.4 0.21 0.11 (1.44 0.69 0.89 1.53
0.4 0.21 0.20 0.44 0.86 (1.89 1,66
0.4 0.21 0.23 0.54 0.88 1.06 1.44
0.4 0.22 0.22 0.43 0.99 1.05 1.31
0.4 0.21 0.12 0.32 1.05 1.01 1.17
S0.21 0.18 0.43 0.90 0.98 1.42

0.6 0.91 2.02 3.35 5.34 6.95 10.40
0.6 1.09 1.67 3.49 5.48 7.61 9.14
0.6 1.23 2.00 4.02 5.65 8.61 9.32
0.6 1.01 2.40 4.41 5.57 7.58 10.47
0.6 1.18 2.02 3.77 5.42 7.96 10.46
S1.09 2.02 3.81 5.49 7.74 9.96

0.8 8.54 14.12 20.72 25.31 25,23 25.63
0.8 8.03 12.75 23.92 25.68 26.03 25.06
0.8 8.70 12.96 21.45 25.67 25.42 26.77
0.8 8.48 12.42 22.97 25.11 25.41 25.68
0.8 9.13 13.33 22.48 25.15 24.68 25.50

8.58 13.12 22.31 25.39 25.35 25.73
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Table A3. Weight gain (%) of PVC for various contact times in the long-term methylene chloride study.

Aclivily 1 2 3 4 6 8 12 16 20 weeks

0,X) control 0.12 0.09 0.11 0,11 0.12 o.25 0.43 0.22 0,32
0.00 control 0.1 ! .022 0.22 00 0.1R! 0.24 0.22 0.35 0.32
0.00 control 0,11 0.22 0.22 0.22 0.00 0.23 0.33 0.22 0.32

" 0.11 0.18 0.19 0.11 0,08 0.24 0.33 0.26 0.32

0.05 0.11 0.21 0.31) 0.28 0.33 0.34 0.35 0.47 0.45
0.05 ().11 0.23 0.39 0,2(1 0.22 0.22 0.33 0.44 0.43
(1.05 0.11 01(1 0.21 01.33 022 (0.32 0.43 0,45 0.44
R 011 0,19 0.30 (.27 (1.26 0.30 0.37 0.45 0.44

0.10 0.24 0.36 0.23 0.23 0.32 0.46 0.33 0,56 0.57
0. 1(1 0.24 0.31) 0.55 0.22 (0.22 (1.38 0.62 0.54 0.56
V. 10) 0.23 0.22 0.47 (.12 (1.22 0.33 0.54 0.53 0.55
3z 0.24 0.29 0.41 ().19 0.26 0.39 0.50 0.54 0.56

0.20 0,44 0.33 (044 0.64 0.94 0180 ().76 1.00 1.09
(0.20 (1.45 .34 0,.54 0.64 0.82 (.79 0 93 N.8) 1.10
0.20 0.22 0.34 (0.44 (.79 0.48 0.75 0.'.) 1.109 1.04

S0.37 0.33 (1.47 0.69 0.76 0.78 0(,19 0.96 1.07

0.40 1.03 (.98 1.59 1.94 2.07 23.3 3.25 3.64 (.36
0.40 0.98 1.09 1.47 2.02 1.82 2.57 30(1 3.31 4.03
0.40 0,97 1.25 I.30 1.84 2.10 2.24 2,90 3.42 4.43

0.99 1.11 1.48 1.93 208) 2.39 3.105 3.46 4.27

Table A4, Weight gain M%) of PVC for various contact times in the first TCE study.

Aatiwlty 4 8 15 22 33 68 days

S0.0} control 0.12 0.,21 0.19 OA11 0.12 OA1I

0.0 control (. I ( 0.22 0.23 (1 I1 0.22 0.11
0.0 control O.AX) 0.11 (0.25 0.12 .1 1 0.12
x 0.081 (1.18 ((.22 (0.11 0.15 0.12

(1.2 O(X) ((.1(1 ()036 ().11 (0.11 0.23
0.2 O.A 1 0.24 (1.11 0.19 0.12 (1.22
(12 0. 11 0.22 0.21 0.21 0.11 (1.24
3z 0.07 0.19 0.23 0.17 ( .1 0.23

o0.4 0.10 0.37 0.38( 0.43 0,66 0.42
(04 (1.35 0.35 (.:11 01.43 0.24 (1.44
(1.4 0(32 (.34 0.32 (1.22 0.47 0.44

(10.26 ((.35 0.34 (136 ((.46 01.43

(0.6 0.23 0.45 (1,67 0.55 ((.80 01.88
(.6 0.44 0.38 0.55 0(.66 0.83 0.75

0.6 0.45 0.44 0.54 0.69 0.92 0.88
-( 0.37 0.42 0.59 0.63 0,85 0.83

0.8 0.76 1.27 1((9 1.25 1.63 2.48
0.8 0.53 0,80 1.07 1.71 1.77 2,21
0.8 N.51 U.73 1.35 1.14 1.85 3.33
x 0.60 0.93 1.17 1.36 1.75 2.68

1.0 1.41 2.07 3.40 5.07 6.68 11.70i
1.0 1.46 204 3.22 3.92 5,98 12.06

O1. 1.60 2.25 3.(11 5.22 6.56 11.15
1.49 2.12 3.21 4.73 6.41 11.64
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Table A6. Weight gain (%) of PVC for various contact times in the mixed-

organic-solute study.

Treatment 2 4 7 14 21 days

control 0.23 0.12 0.11 0.28 0.22
control 0.00 0.0(0 0.11 0.11 0.22
control 0.11 0.00 0.22 0.00 0.22
S0.11 0.04 0.15 0.13 0.22

organic solution 11.43 9.12 5.75 18.26 14.15
organic solution 8.53 5.81 7.27 15.94 7.08
organic solution 6.29 6.06 8.60 8.46 10.33
S8.75 7.00 7.21 14.22 10.52

Table AS. Weight gain (%) of PVC for various activities in the
second TCE study. Measurements were made after 11 weeks of contact time,

0.0 0.2 0,4 0.6 0.8 1.0

0.12 0.47 0.76 1.28 4.95 18.79
0.11 0.33 0.56 0.97 4.21 17.56
0.11 0.33 0.91 1.33 3.92 19.01
0.00 0.38 0.64 0.76 4.18 18.89
0.00 0.44 0.92 1.28 4.79 19.44
0.00 0.47 1.09 0.92 4.23 21.00
0.00 0.34 0.54 1.00 4.56 18.03
0.11 0.45 0.76 1.14 4.29 18.69
0.12 0.56 0.76 1.11 4.08 16.59
0.11 0.35 0.57 1.05 4.43 18.10

X 0.068 0.41 0.75 1.08 4.36 18.61

Table A7. Weight gain (%) of PVC for
two contact times in the acetone study.

Solution
concentration

(%) 37 days

0.05 0.11 0.22
0.5 0.32 0.19
5 0.11 0.22

25 0.23 0.45
50 4.51 4.79
75 20.43 18,67

17



, 1 Form, ApprovedREPORT DOCUMENTATION PAGE OMI Nor A7p4o188

Public reporting burden for this collection of informatioon is estimated to average 1 hour per response, Includng the me for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the colleollon of Information. Send comments regarding this burden estimate or any other aspect of this collection of Information,
Including suggostion for reducing this burden, to Washington Headquarters Services, Directorate for Information Operationa and Reports, 1215 Jefferson Davis Highway, Suite 1204. Arlington,
VA 2.2202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washilngton, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

I August 1994
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Softening of Rigid PVC by Aqueous Solutions of Organic Solvents

6, AUTHORS

Louise V. Parker and Thomas A. Ranney

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

U.S. Army Cold Regions Research and Engineering Laboratory Special Report 94-27
72 Lyme Road
Hanover, N.H. 03755-1290

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

U.S. Army Environmental Center

Aberdeen Proving Ground, Maryland SFIM-AEC-TS-CR-94032

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

Available frcm NTIS, Springfield, Virginia 22161.

13. ABSTRACT (Maximum 200 words)

This research examined softening of rigid PVC by aqueous solutions of organic solvents known to be good PVC
swelling agents. Significant changes in the hardness readings of rigid PVC exposed to aqueous solutions of
methylene chloride (a good PVC swelling agent) occurred at thermodynamic activities as low as 0.1, which is much
lower than has been reported or predicted. Rigid PVC became rubbery after exposure to 0.6-activity solutions of
methylene chloride. Whether a similar phenomenon occurs with TCE, which is not as good a PVC swelling agent,
is not clear from these preliminary studies.

This study aiso looked at the effect of a mixture of several organic solvents dissolved in an aqueous solution. A
solution that contained three good PVC swelling agents, each at an activity of 0.3, rapidly softened PVC (within
2 days). This indicates that there is some type of interactive or cumulative effect associated with mixtures of organic
solutes, with each solute at an activity of 0.3 or higher.

A study was also conducted to determine if aqueous solutions of a good PVC swelling agent that is also totally
miscible in water (acetone) can soften PVC. After 1 week a concentration of 50% acetone softened PVC, while a 25%
solution did not.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Organic solvents PVC 25
Polyvinylchloride Solvents 16. PRICE CODE

17. SECURITY CLASSIFICATION 18, SECURITY CLASSIFICATION 19. SECURI1Y CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Sid. Z39-18
2W8-102


